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ABSTRACT 


Toncritudes  associated  with  Doppler  (laser)  positioning 
measured  b^survey  stations  only  possess  relative  significance. 

discSsions  of  their. optimum  observation  conditions. 
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GRAPHICS  DISCLAIMER 

All  figures,  graphics,  tables,  equations,  etc.  merged  into  this 
translation  were  extracted  from  the  best  quality  copy  available. 


I. 


INTRODUCTION 


AS  is  Widely  known,  in  Doppler  (laser)  dyadic 

natives  associated  with  observation  amounts  6/  , 

to  partial  derivatives  longitude  and 

S?biMl  ascenifng  node  longitude  «,  one  has  the  relationship 

below; 


aCp,  Ap.p)  -  -  a(p>  Ap>p1 

ai  . 


(1) 


^Srrohrr?“latS^^^ 

is  usually  given  in  order  to  resolve  ““^"““^bsolute 
longitudes  we  obtain  1“  ^  „  Y  meridian  lines.  They  are,  by 

longitudes-  measured  from  another  measurement 

:?frrfoinrnii®oe« 

SI  SS?Sr?olSISs°wriesignate  as  -longitude  zero  point 

““^^SSilSly,  in  order  to  obtain  absolute  longitudes,  following 

DopplS  ( lase?)  dyn^io^  ?Sl?lSe”z%%TpTfnt  di«ere"noe- 

necessary  ^^^|^arth  surveying  outside  of  China,  longitude 

In  satellite  eartn  survey  y  methods  associated 

zero  point  i°al  obSrvations  [1].  This  type  of 

with  combinations  of  -able  number  of  optical 

method  requires  having  a  ind^endently  verify  precise 

observations  which  it  possi  in  P  ^  (laser)  optical 

orbits  for  or  having  a  (laser)  satellites  being 

satellite  observations.  Due  to  Doppler  (laser^^^^  materials,  it 

very  dark  and  weak,  discusses  how  to  make  use  of 

IS  very  difficult.  Tnis  ,  in  order  to  determine 

relatively  scarce  optical  observatio  associated  with  Doppler 

longitude  Conjunction  with  this, 

Se'Cfttet;  optimum  observation  conditions. 

II.  DYNAMIC  METHODS  TO  DETERMINE  LONGITUDE  ZERO  POINT 
differences 

From  now  on,  we  assume  that  usejjas  alreag 

Doppler  (laser)  observations  coordinates  associated  with  a 

measurements  for  ,  -itude  zero  point  differences  exist 

certain  geodetic  network  (longtude  zero  ^ith 

in  longitudes)  as  well  as  °jDit  r  i  section,  we  assume 

rhrfe?L?rita^ioS^?rtr^^^^^^  also  Obtain  a  few  Doppler 
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,,  erl  optical  satellite  observations .  However 

ilr/lLll  ^  is  -i  r:"*i4le  ways  during  dynamic 

:i!Stfo^n?i-Lli?:r^ofateolutelongitu^ 

Stations .  Below ,  we  drscuse^how differences . 
determine^ues^i^^^^^^  Principles  ^^ods  to  determine 

The  basic  principles  of  same  as  dynamic  geodetic 

1  Tirrit-ude  zero  point  differenc  T-oiative  measurement  station 

longitude  that,  ^ow,  relative  m  measured  by 

to  whether  or  no  point  station  longitude  zero 

point  differences .  Becaus 

be  (2) 


'  (d(a,  g)  _L  9(c»  s»  (oo  • 

\dX  dQ-J 


■  Of}  8d  ■  ^c)j 


but  are  not 


(3) 


9(g»  ^;i  —«  (et»  —  cCff  5®  5,). 


dX 


Here,  (»,«)  .i^  |S^"ici*2taS''fof  obsl^abilb^'S^ 

Sfcflaffi  v^uea  --iri^„r"o£t2re" 

dvnaSic^geodetic  surveying-  ^5  measured  making  use  of 

'“'""“it  should  be  pointed  2"^^%ation  <2)  “t^tin^proximation 

equation  (3)  and  able  to  use  not 

olposite.in  sign.  M|^are  iX  . 

Stfficult  to  demonstrate  that: 


da  ,  9^ , 

ir‘^80 

dx  da 


1 » 


0. 


(4) 


(5) 


These  are  two  e^-ely  im,orh^  »ude 

rjfpo?S?  S?fSrrncef?hen  become  very  simple. 


Ai  •“  O,  —  Or. 


(6) 
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O.viousxy,  at 

rll  r^ncSfefasfoliSe/witrdlna:.!?  methods  of  detenaxn.ng 
basic  princip  differences. 

longitude^zero^P^^^^  of  Errors  Along  TrscEs  vision  locus .  CD 
M  if  shown  in  Pig.^  AB  rs  the  natelli  i<,„gitude  hero 

is  thf  calonlated  locus  i”  f =®|t''ttractual  satellite  positron 
^if  differences.  Asa^^ng  that^th__^ 

It  time  t  is  B°'  in  the  •same  way,  the  correctly  ^ 


■F  TT-rrors  Along  Loci  With  Regard 
irSrLo°ng?SdI%ero  feint  Differences 


to  the 


'*■  id  V*  From  equation  (6), 

farfuef  Moreover  >n“"o?rall  not  given  rise  to  by 

ir  °wSfn  dlleSIng  longitude  sero  point  ^ifferenc^^  y 

tfulfbe  oljminated^  As  |Ar^AS^-i“^ol  dilferences  along  loci, 
concerned,  it  is  cix»t^ 
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Moreover,  eliminating  ^  g  and  §o  equal  to  each  other,  and 

finding  a  t'  around  t,  making  sc  «  is  finding  a  point 

that  will  do  it.  Looking  the  Fig.  s,  tn^^  associated  with  P 

P'l  on  CD,  ’^^^®.^°/®®?fter^?hat?^make  use  of  Ao  associated  with 
;^Int  P?  ISStrfcfing  associated  with  PU,  to  obtain  AX  ^ 

«  one  does  thin  tigorously  calcnjationn^nte^aiso  certainly 
not  difficult,  however,  if  ^  concerned,  it  is 

“L?S^io^IarurJf\“reAions  beiow  to  do  caiouiatrons . 


Ai  Affl  —  ctg^A5/cos8 

„  (AacosSan^’  —  cos</>A5), 

cosdsin(^ 


(7) 


sr.C.ss;v.ras.-S“ 


Here, 


ffi  ®  Gj 
sin^  ®“  —  a  * 


(8) 


C^gx^, 


(9) 


H  P  are  position  vectors  and  velocity 
iScSJs^S^sftrili^efrelative  to  measurement  stations.  The 

^^®°^i"o‘^n^a?rzf  Shat  was 

the  influences  °f  differences^along^locr^^^ 

equations  associated  wit  calculations  clearly  show  that 

make  use  of  equation  (7  .  Tesr 

doing  this  is  successful. 
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3.  Error  Estimation,  matrix 

is  Qo^^iris^os^i^rto  do°cilcul.tions  to  get  it  fro.  negative 

SSXIc-  :oi«  ^i«f-«,”-5iti?iSS-cofrdiL?r  liii?  " . 

obtain  it  from  orbi  t-inn  Then  as  far  as  AX  variance  is 

conveniently  Known  it  to  be: 


r  (  \ 

<7ix  -  -^rr-TT  I ( V-  cos4> ) 
sm  (y  cos  o  i- 

/  sin  XT 

+  (sm<A,  ““S‘^)Q'V_cos(/» /i* 


(10) 


withSgSrtS^q^it"^o:^7^'^%\gtt^n\“Tt^ 


w 


1 

ffii 


(11) 


From  this,  it  is  ^=^90°^^l™^O?°^That  is 

associated  with  =  Stellite  with  a  relatively 

equivalent  to  obseryations  celestial  equator.  Besides 

large  angle  of  equation  (7)  to  eliminate 

that,  because  we  Nation  (10)  quantities  in  brackets  are 

virflncefLto^^Ited  with^directione  perpendicular  to  loci. 
Therefore , 


sin*  <!>  cos*  8 


[oml  +  1' 


(12) 


If  we  use  fperpendicu^lar^o^^  optim^ 

obse?vation^onditions  (^1^2  ^  ‘^thL!  approxkately^l' ' .  As 

AX  obtained  by  an  iS  2?^segmental  arcs  are 

far  as  100  observations  distributee  in  approximately 

concerned,  the  precisions  of  AA  are,  oy 
0.''16,  that  is  5  meters 
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III.  GEOMETRIC  DETERMINATION  METHODS  FOR  LONGITUDE  ZERO  POINT 
differences 

in  this  section,  we  assume  e®detic  Stwork^carry  out 

stations  in  a  WPler  (laser)  dyn^ic  problems  assocxated 

synchronous  observations,  m  order 
with  determinations  of  Aa. 

1,  Basic  Principles  <Ho4-,armined  by  synchronous 

From  the  synchronous  pla.*  jr^-riTn  two  stations  A  and  B,  it  is 

^llS?f?rconventeSirconvert  into^BIH-CIO  syste^B. 
a?e^incliLd— their  “ypobenus®  tjasie  of  this  difference, 

transfer  to  BIH-CIO  systems  are 


(cos 8^  cosaA 
cosd^  sina^  Is 
sin  5^  / 

( cos  8b  cos  as 
cos  ^5  sin  as 
sin^B  / 


(13) 


(14) 


Hirection  associated  with  the  two  points  AB 
The  hypotenuse  direction  a 


/cosqp'  cosl\ 

/-msjcosq)'  smlj-lAyl* 

\  sin  qp'  /  ' 


(15) 
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.  A  !  "k  fT' ^  are,  respectively/  spherical 

Ia/ib,  and  1.  S  is  hypotenuse 

^  Making  the  definition 

X  *B  _f  Bl 


n 


iZ^xZsl 


(16) 


the  coplanar  condition  is  then 


n  •  Z ■“  0. 


(17) 


,ue  to  the  eKistenoe  of  longitude  zero  point  differences,  one 
then  has 


„  .  Z,  +.  n  •  aZ  —  0. 


(18) 


in  this,  lo  is  a  measurement  station^coordiMte^calc 

determined  longitude  zero  point  differences, 

difference  given  rise  to  ay  y 

Obviously, 

A(_(Axjai. 

Because  of  this,  the  condition  equation  associated  with 
determining  AX  is 


(,4AY  “  BAX)AZ  -  ,4AX  +  BAY  +  CAZ. 


(20) 


This  is  the  basic  equation  associated  with  determining  .M.^Jt  is 

iSf  ?Lf  tiSTin^difl^^^^^^^^^^  associated  with 

synchronous  observations  is 


jO^^otS^  *^oA>A  ®  ® 

6  0 

^0  0 


(21) 
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detentiin®  AX  is  (22) 


in  this,  F* 


expresses  P  transpositions,  being 


bI’  ss.  as.)' 

It  is  not  difficult  to  deduce  [3] 


In  this. 


Oj 


h  * 


1  „ii- 
dl _ 1 _ 

das  cos  6s  * 

fli  -  pJpB cos 8fl sin (o^  —  «s)» 

fli-plp^fcosfi^  sin  (ns -“/<)»  -a,')!, 

h  ««  pVb[  ^  ✓  M 

/.-"V 

/ox 

^  1  0  j. 


(23) 


(24) 


(25) 


•t-oi  1  ites  to  measurement 

Tanf  B^^wlth  "rifatni  inrugchrono-^^^^^^^^^^^ 

IsSSaled  with  an  ulreudY^tnown  variance  est^ates^^  W^en 

calculate  multiple  P°iut‘'mcfu  di«"’^Tn"otdrfo'a”^ 

Spable  of  using  «t  -5: 


3.  optimum  Observation  Conditio»u^^^ 

on  the  buuts  o  to  ‘H^ttJIthodfSf  determining 

i“nrdiffIrLce  matrices  R 
Jsociated  o^^^f  Observa^  I,  ground 

isLming  that  uutellite^in, ,3,„tng 
heiahts  are  H,  ana,  n 
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satellites  are  in  circular  '^^with^?elpect  to 

observation  joint  (X,tJ)  and  subsatellite 

?fpolSble  ?o  Lke  use  of  the  formula  below  to  do 

calculations : 


Qat 


/COS(/> 

’cos</^ 

^(/7\ 

Kfiafp 

COS(}>/ 

VO 

(riA 

—  sih</^ 

coscA/ 

(26) 


in  this,  :»  “rbif  Lc™dln|  nSdriSStddls'must  iLe 

simply  that  latitudes  Ld  longitudes  to  deduce 

use  of  all  The  algorithm  is 

backwards,  and  that  is  all.  Tne  a  g 


Xs-^Ly 


/152 


-1  [_cos«  sm«1 

®  L  COS«  J 


(27) 


sm« 


an  (ps 
sin/ 


Ascending  sections  are 

positive.  Fallina  sections  are  neg^ive.  ^^g°^\aking' use  of 

calculating  rs,  r,  ,  P  r  ^  possible  to  obtain  • 

the  two  equations  (8)  and/9),  ^j^ggj.^g^tion  differences  along 

When  estimating  observation  stations  as  well  as  ^ 

loci  ialong  associated^with  ob  loci  t perpendicular  are 

iSlirvatio?  differences  l“  easuremfnts ,  Ialong  and 

given.  Based  on  ®=^®trence  wrth^actual^  ^  instrument. 

fperpendicular  are  ^giving  them  is  even  more  reasonable 

During  estimates  of  -  9^  ^  result,  when  we  are 

than  directly  ?tving  ^  •  ^.^nditions  in  this  instance, 

discussing  optimum  method  to  predict  R. 

option  is  made,  for  P|e  use  °f  this jetho^^^  1  Perpendicular  for  two 

stations-under  the  ass^ed  “udj^ions 

then  possible  to  est^ate  R  ring  out  wi».  associated  . 

subsatellite  point,  thereby  calculati^^^^.^^_  ^hen 

Si^^iWe  ?rdSiropS*observation  conditions  associated 
with  gi^^trical  Discussion  Associated  with  Optimum 

Observation  ConditionSs^  obse^ation  ^°“ditions,^_ we  made 

SllculVte- 

isc'end?;g  and  descending  section  signs,  ... 
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is  currently 


^4!Linary  conclusions  were  arrived  at.  Discussion 

as  lower  ®^^®J;^^g®Qf^three^t^es^o*f  cases; 

Calculations  2000  1000  kilometers.  -  „  •  e 

’otV^neT’  us  to  see  t.at  tte  lower  H  rs 

the  better. 


Table  1  was 


Table  1 


- rr^ — 

*  g  fi  ® 

4'*X6« 

4000 

1.47 

1.50. 

1.57 

2000 

0.46 

0.50 

0.57 

1000 

0.17  “  '  * 

0.20 

0.24  ‘ 

KEY: (1) 


optimum  value  (2)  Optimum  Zone  Average  Value 


sHfFrr: re? 

it  is. 


Table  2 


key;  (1)  optimum  value 


(2)  optimum  zone  Average  Value 


c,  I„  case.  Where  S,  H,  and  average  la^itudes^^are  the  sa.e 
two  stations  distr^uted  M  a  ring  of  ^h  ^  kilometers,  and 

sSiln^  dfstigtef in 

From  this,  it  IS  is  relatively  advantageous, 

the  same  latitude  ring  (A  su.). 


Table  3 


KEY:  (1) 


optimum  value  (2)  Optimum  Zone  Average 


Value 


d)  in  cases  where  ^/|  ?Q®  ^^the^ore ^advantageous  it  is. 
distance  is  between  two  static  '  ^  cases  where  H/5-2,(p^-fB 
dista  jjone  of  thre _  Table  4  is  obtain 


-  30' 


in  ca&cD  -  the  more 

nee  is  between  two  static  '  ^  cases  where  HfS--2,<PA_  y- 
Calculations  were  done  of  ^ers.  Table  4  is  obtained. 

4-  1000,  2000,  3000  ihar  the  larger  S  is,  the  more 

From  this.  It. IS  possible  to  see  that, 
advantageous  it  is. 


11 


Table  4 


key:  (1)  optimum  Value 


(2)  optimum  zone  Average  Value 


e)  optima 

as  suKSeUite  ^  «\tt  regard  to  optima  tone 

ilerrSufiofs/altnougn 

regions,  they  ^itions  in  order  to  seek  accuracy,  it 

use  of  b3  =  "‘5^_t?ibutions.  However,  with  calculation 

subsatellite  :iin  --^hods  above  to  make  a  ,,hgatellite  points* 
ie  best  to  use  the  methods  various  ®ttsateii  p  ^ 

fher^bre^erohjn^^^^^^^^ 

frlfr  ^refuclta^a  this  guestion,  ^tlom^eter  «und  «bit 

chart  It  is  not  difficult  ^  ^-^ant.  The 

isniislle  me^int  tone  observational^ 

Torcrmel^it  i|„P-|fa^:i“h  Sh^rafeas.  There  are^a^n^«^°i 

irsl^Srs  associated  wi^th  the  -^?t. so  paiae 

..  nhe  ohenomenon  that,  when 

Resides  this. 


we 
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subsatsllit®  point  loci  and  hypotsnus©  directions  are  in 
agreement,  is  optimiun.  However,  due  to  the  fact  that, 

if  one  wishes  to  fully  explain  this  point,  it  is  necessary  to 
have  very  exhaustive  calculations,  we  only  calculated  four  types 
of  A  (A=90^,  60^,  30h,  Oh)  and  three  types  of  i  (i=90^,  60^,  45-5) 
cases  of  ascent  and  descent,  agreeing  with  this  conclusion. 


4.  Precision  Estimates  * 

If  we  pay  attention  to  the  most  advantageous  observation 
conditions,  oii  =2  observations  are  not  difficult  to 
obtain.  As  a  result,  as  far  a^?  100  pairs  of  synchronous 
observations  are  concerned,  if  A A  determination  precisions  will 
be  better  than  0."14,  it  is  possible  to  match  the  precision  of 
dynamic  methods  associated  with  100  Doppler  (laser)  optical 
satellite  observations.  Here,  we  must  also  point  out  that  this 
100  pairs  of  synchronous  observations  certainly  do  not  require 
two  observation  stations  which  are  the  same  in  order  to  obtain 
them.  Observed  measurements  associated  with  any  two  observation 
stations  will  do.  It  is  only  necessary  that  the  total  number 
reaches  100  pairs,  and  that  will  do  it.  From  this,  it  can  be 
seen  that  geometrical  measurement  requirements  for  observed 
measurements  are  also  not  high.  / 


KEY l  ( 1 ) 

North  Latitude  ( 2 )  East  Longitude 
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